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INTELLIGENT HARDWARE FOR 
AUTOMATICALLY CONTROLLING BUFFER 
MEMORY STORAGE SPACE IN A DISK DRIVE 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to transfer- 
ring data between a hard disk drive and a host data bus 
and more particularly to automated hardware for con- 
trolling space in a disk drive buffer memory used in the 
data transfer. 

2. Description of Related Art 

Personal computers, sometimes referred to as mi- 
crocomputers, have gained wide spread use in recent 
years primarily because they are inexpensive and yet 
poweiful enough to handle computationally-intensive 
user apphcations. The data storage and data sharing 
capabilities of personal computers typically include one 
or more hard disk drives. 20 

A hard disk drive 115 (FIG. 1) has a rotating mag- 
netic medium 190, i.e., a disk, that is magnetized in a 
certain pattern by a read/write head 191 which flies 
above the surface of disk 190. During a write operation, . 
head 191 creates patterns on the magnetic coating of 25 
rotating disk 190 which represent data, while in a read 
operation, head 191 reads the patterns created during 
the write operation. 

In most high capacity hard disk drives, several disks 
are mounted above one another on a common spindle. 30 
Each of the disks has at least one read/write head per 
disk surface. Data are written in concentric circular 
tracks on the disk surface. 

Data stored on a hard disk are generally divided into 
files. Each file represents a unit of data which is pro- 35 
cessed by computer 105. The files are stored on rotating 
disk 190 in sectors. The number of sectors which are 
written in one revolution of the disk comprises a track. 
Therefore, to specify the location of any particular 
piece of data on the disk surface a head address, a track 40 
address, and a sector number are required. The head, 
track, and sector addresses are sometimes referred to as 
the geometric address. 

^ The operations performed in response to a request 
7 from a computer program executing in computer 105 to 45 
read data from or to write data to disk drive 115 are 
well known to those skilled in the art. Typically, during 
this operation, an electronic circuit in disk drive 115 
receives a request for a particular sector of data on one 
of the disks in drive 115, e.g., the electronic circuit is 50 
provided the geometric address for the sector. 

The electronics in disk drive 115 include a micro- 
processor 110, typically a first generation microproces- 
sor such as microprocessors Model No. 8080/8085 sold 
by Intel Corporation of Sunnyvale, Calif., a storage 55 
controller integrated circuit 100 that interfaces micro- 
processor 110, drive electronics 185, host interface bus 
175, and random access buffer memory 120. Drive elec- 
tronics 185 convert the analog signals from read/- 
wnte head 191 to digital ngnals for storage controller 60 
integrated drcuit 100, and Oi) control the mechanical 
operation of disk drive 115. 

Host mtrface bus 175 is, for example, an ISA, EISA, 
microchannel or SCSI bus. The structure and operation 
of computexs with any one of these bus structures are 65 
well known to those skilled in the art 

Storage controller integrated circuit 100 includes a 
microprocessor interface circuit IW, a disk controller 



2 

circuit 130, buffer controller 140, and host interface 
circuit 170. The structure and operation of storage con- 
troller integrated circuit 100 are also well-known to 
those skilled in the art. For example. Cirrus Logic of 
Fremont, Calif, offers such an integrated circuit as 
Model No. SH260. Chips and Technology of San Jose. 
Calif, offers such an integrated circuit as Model No. 
82C5059. Adaptec Corporation of Milpitas, Calif, offers 
Model No. AIC-9I10. 

The operations performed by microprocessor 110 are 
typically determined by program instructions, i.e., fmn- 
ware, that are loaded in microprocessor 110 from a 
non-volatile memory when disk drive 115 is turned on. 
When the computer provides a read/write request to 
circuit 100 over the host interface bus, one of a geomet- 
ric address, i.e., track, head and sector, and a logic block 
address, for example, is provided asynchronously to 
host interface circuit 170. This information is stored 
directiy in registers in circuit 170. 

Upon receipt of the read/write request and the geo- 
metric address, microprocessor 110 performs the neces- 
sary operations to initialize host interface circuit 170, 
di^ controller circuit 130 and buffer controller circuit 
140 for the requested read or write operation. The ini- 
tialization signals are passed from microprocessor 110 
through microprocessor interface circuit 160 to the 
other circuits over microprocessor control bus 166. For 
clarity, the control signals lines between microproces- 
sor 110 and microprocessor interface circuit 160 as well 
as the control signal lines between disk controller cir- 
cuit 130, buffer controller circuit 140, host interface 
circuit 170 and RAM 120 are not shown in FIG. 1. 

After initialization for a read operation, data are 
passed from drive electronics 185 to disk controller 
circuit 130 which in turn sends the data to buffer con- 
troller circuit 140. Buffer controller circuit 140 stores 
the data in buffer memory 120. When one or more com- 
plete sectors of data are stored in buffer memory 120, 
microprocessor 110 initiates a transfer of the data from 
buffer memory 120 to a first-in-first-out (FIFO) mem- 
ory in host interface circuit 170. When the FIFO mem- 
ory is nearly full, circuit 170 transfers the data over bus 
175 to host computer 105. 

After initialization for a write operation, data are 
passed from bus 175 to host interface circuit 170 which 
in turn sends the data to buffer controller circuit 140. 
Buffer controller circuit 140 stores the data in buffer 
memory 120. Microprocessor 110 subsequentiy initiates 
a transfer of the data from buffer memory 120 to disk 
controller circuit 130 which in turn transfers the data to 
disk drive electronics 185. 

Disk and host data transfers normally occur concur- 
rently. Buffer controller circuit 140 multiplexes access 
to buffer memory 120 between disk and host data trans- 
fers on a byte-per-byte basis. Hence, buffer controller 
circuit 140 maintains two address pointers, a read ad- 
dress pointer and a write address pointer, for buffer 
meioiory 120, as well as a stop pointer. 

The two address pointers access all of buffer memory 
120 or the segment of buffer memory allocated for the 
operation in a circular fashion, i.e., whenever the 
pointer reaches the top address of the buffer memory or 
the segment of buffer memory, the pointer wraps back 
to the bottom address of the buffer memory or segment. 
If after wrapping the pointer continued to increment 
past the starting address for the data transfer, data 
would be overwritten. Consequently, the stop pointer is 
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maintained to indicate that the buffer memory or buffer ates a signal that suspends further data transfer from the 

memory segment is full. buffer memory. 

Typically, the write address pointer is an up counter The prevention of buffer undemms and overruns 

that holds the address of the next byte to be written to without microprocessor intervention is important be- 

buffer memory 120. The read address pointer is an up 5 cause the prior art system of pointeis controlled by the 

counter that holds the next address of the next byte to microprocessor required considerable microprocessor 

be read from buffer memory 120. During a write opera- time as well as fiimware to support the microprocessor 
tion, the write address pointer is used for transfer of operations. The buffer room logic circuit of this invcn- 

data from host interface circuit 170 to buffer memory tion eliminates the system of pointers and thereby frees 
120 and the read address pointer is used for transfer of the microprocessor for other operations in place of 

the data from buffer memory 120 to disk controller monitoringthcstatusof the buffer memory. In addition, 

circuit 130. During a read operation, the use of the elimination of the firmware required to support the 

pointers is reversed. microprocessor monitoring of the buffer status provides 

The starting and stopping addresses for a data trans- additional space for firmware for other operations. ^ 

fer to or from buffer memory 120 is controlled solely by Therefore, the buffer room logic circuit of this inven-y 

microprocessor 110. For example, in a read from disk tion significantly enhances the operations that may be^ 

190. microprocessor 110 sets the write address pointer performed by the microprocessor without affecting the 1 

and the read address point to the location in buffer ability to prevent buffer overruns and underruns. 

memory for the transfer, i.e., microprocessor 110 initial- In one embodiment, the buffer room logic circuit of 

izes the appropziate counters. Microprocessor 110 also this invention includes a first counter for counting each 

initializes the stop pointer to the value of the read ad- data segment, typically a byte of data, transferred to the 

dress pointer minus one. As each byte of data is written buffer memory. When the first counter has counted a 

to buffer memory 120, the write address pointer is lucre- selected number of data segments, typically a block of ^ 

mented. Sunilarly as each byte is read from buffer mem- data, the first counter generates a dgnal that changes 

ory, the read address pointer is incremented. the value of a second counter in a first direction. 

Microprocessor 110 receives a signal from disk con- Preferably, the second counter is initialized to a pre- 

troUer circuit 130 to indicate the transfer of a block, ie., determined value, for example, the mmiimim value or 

a sector, of data to buffer memory 120. Similarly, micro- maximum value, and the first direction is towards the 

processor 110 receives a signal to indicate the transfer value opposite to the initialized value. Thus, if the sec- 

of a block from buffer memory 120 to host interface ond counter is initialized to the TnaximiiTn value, the first 

circuit 170. Microprocessor 110 periodically updates direction is towards the Tnintmnm value. As each subse- 

the stop pointer based on the number of blocks that quent selected number of data segments are transferred 

have been read from buffer memory 120 since after the to the buffer memory, the first counter generates the 

data are read, the storage location is available for new 35 signal that changes the value of the second counter in 

data, the first direction. 

Data are written to buffer memory 120 until the value When the second counter reaches the value opposite 

of the write pointer address equals the stop pointer the initialized value, e.g., the minimnm value if the 

which indicates that if another byte is written to buffer second counter was initialized to the TnaTiTn nm value, 

memory 120, valid data will be over written. Thus, 4^ the buffer memory is full and further data transfers to 

microprocessor 110 must continuously monitor the the buffer memory are suspended without intervention 

three pointers during the data transfer and periodicaUy by the microprocessor. 

update the stop pointer. This requires considerable mi- However, data may also be transferred from the 

croprocessor firmware overhead. Unfortunately, as the buffer memory, and in this embodiment, the buffer 

disk drive capacity increases and the average seek time 45 room logic circuit of this invention includes yet a third 

decreases, both microprocessor dock cycles and de- counter for counting each data segment, typically a 

mands for firmware increase. Therefore, buffer pointer byte of data, transferred from the buffer memory. When 

management by microprocessor 110 limits the capabil- the third counter has counted a selected number of data 

ity that can be supported because it requires consider- segments, typically a block of data, the third counter 

able firmware as well as clock cycles to perform the 50 generates a signal that changes the value of the second 

operations necessary to monitor the status of buffer counter in a second direction opposite to the first direc- 

memory 120. tion. 

SUMMARY OF THE INVEOTION „ ^ T^-^^ counter change Ae 

value 01 the second counter m the first and second di- 

In accordance with the principles of this invention, a 55 rections respectively, as data are transferred to and 

f ' buffer room logic circuit includes a counter as well as from the buffer memory. If in this sequence, the second 

-- means ^for incrementing and means for decrementing counter returns to the initialized value, the buffer mem- 

/ the counter. The counter is used to monitor the room ? ory is empty and the buffer room logic circuit generates 
and data available in a buffer memory, i.e., the status of a signal that stops data transfer firom the buffer memory 

the buffer memory, as data are transferred to and from 60 thereby preventing a data underrun without micro- 

the buffer memory, without intervention by a micro- processor intervention. 

processor. The counter detects when a buffer overrun,' In another embodiment, the value of the second 

Le., data being transferred to the buffer memory when ' counter is changed by a signal indicating that the se- 

no space is available, is about to occur and generates a lected number of data segments have been transferred 

^gnal that suspends further data transfer to the buffer 65 to the buffer memory. In this embodiment, the second 
memory. The counter also detects when a buffer under-' counter is initialized to a first value that is opposite to 

run, Le., data being transferred from the buffer memory the initial value in the above embodiment The first 

when no data are available, is about to occur and gener- counter changes the value of the second counter as each 
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selected number of data segments are transferred from hardware 250 monitors the status of buffer memory 220 
the buffer memory. as data are written into and read from buffer memory 

Hence, if the second counter reaches a value opposite 220 in data transfers between a disk and another device, 
to the initialized value, the buffer memory is full and the typically a computer. When buffer memory 220 is either 
buffer room logic circuit generates a signal that stops 5 full or empty, buffer room logic hardware 250 automati- 
further transfer of data to the buffer memory. Con- cally generates signals that control subsequent data 
versely, if the second counter reaches the initialized transfer to or from buffer memory 220. Therefore, 
value, the buffer memory is empty and again the buffer buffer room logic hardware 250 prevents buffer over- 
room logic circuit generates a signal that stops further runs and buffer underruns without intervention or other 
transfer of data from the buffer memory. 10 action by a microprocessor. 

Thus, the buffer room logic circuit of this invention When buffer memory 220 is empty, data transfer is 
monitors the room available m the buffer memory as either terminated or suspended until data become avail- 
well as the data available m the buffer memory. The able in buffer memory 220. When buffer memory 220 is 
buffer room lo^c drcuit, after initialization, requires no full, buffer room logic hardware 250 either generates a 
monitoring by the microprocessor and therefore im- 15 signal that terminates the data transfer or generates a 
proves the performance of the disk drive. signal that suspends further data transfer until space 

becomes available in buffer memory 220. In one em- 
bodiment, buffer room logic hardware 250 does not 
FIG. 1 is a block diagram of a computer system that permit resumption of data transfer until a predetcr- 
includes a disk drive with a prior art integrated circuit 20 mined threshold value of space is available in buffer 
disk drive controller. memory 220. 

FIG. 2 is a block diagram of an integrated circuit disk Since buffer room logic hardware 250 performs all 
drive controller that includes the novel buffer room operations necessary to prevent buffer overruns and 
logic circuit of this invention. buffer undemms, microprocessor 210 is available for 

FIGS. 3A and 3B are a more detailed diagram of the 23 other operations. In addition, the firmware required for 
disk byte counter ■ circuit and the host byte counter monitoring the status of buffer memory 220 is no longer 
circuit of FIG. 2, where FIG. 3A includes FIGS. 3A-1 needed. Consequently, not only is microprocessor 210 
and 3A-2 as shown in the Key to FIG. 3A on FIG. available for other operations, but also additional space 
3A-2, and FIG. 3B includes FIGS. 3B-1 and 3B-2 as in the non-volatile memory containing the firmware is 
shown in the Key to FIG. 3B on FIG. 3B-2. 30 available for firmware to support other operations. 

FIGS. 4A and 4B are a more detailed diagram of the Therefore, disk drives containing buffer room logic 
block counter circuit of FIG. 2, where FIG. 4A in- hardware 250 have ^eater capability and versatility 
eludes FIGS. 4A-1 and 4A-2 as shown in the Key to than prior art disk drives that used firmware and the 
FIG. 4A on FIG. 4A*2, and FIG. 4B includes FIGS. microprocessor to monitor the status of buffer memory 
4B-1 and 4B-2 as shown in the Key to FIG. 4B on FIG. 35 220. As used herein ''status of buffer memory'* means 
4B-2. the amount of space utilized in the buffer memory and 

FIGS. 5A and SB are a more detailed schematic dia- whether data remain in the buffer memory, 
gram of host byte counter HBCNT of FIG. 3B and of In one embodiment, integrated disk controller inte- 
disk byte counter DBCNT of FIG. 3A. grated circuit 200 Cmtegrated disk controller) includes 

FIGS. 6A and 6B are a more detailed schematic dia- 40 disk control circuit 230, host interface circuit 270, and 
gram of twelve bit 4:1 multiplexer U104 of FIG. 5A, microprocessor interface circuit 260 in addition to 
where FIG. 6A includes FIGS. 6A>1 and 6A-2 as buffer control circuit 240 that includes buffer room 
shown in the Key to FIG. 6A on FIG. 6A-2. logic hardware 250 of this invention. The operation and 

FIG. 7 is a more detailed schematic diagram of configuration of disk control circuit 230, host interface 
twelve bit D-typc flip-flop U105 of FIG. 5B. 45 circuit 270, microprocessor interface circuit 260, and 

FIGS. 8A and 8B are a more detailed schematic dia- buffer control circuit 240 are equivalent to prior art 
gram of decrement logic circuit DEC12 of FIG. SB. circuits with the exceptions noted below that are uti- 

FIGS. 9A and 96 are a more detailed schematic dia- lized to implement buffer room logic hardware 250. 
gram of block counter BLOCKCNT of FIG. 4B. In one embodiment, host interface circuit 270 couples 

FIGS. lOA and lOB are a more detailed schematic 50 integrated disk controller integrated circuit 200 to a 
diagram ofsixteen bit 4:1 multiplexer UlOO of FIG. 9A, SCSI bus 275. However, in view of this disclosure, 
where FIG. lOA includes FIGS. lOA-1 and lOA-2 as those skilled in the art can use buffer room logic hard- 
shown m the Key to FIG. lOA on FIG. lOA-2, and ware 250 with a with variety of busses. Consequentiy, 
FIG. lOB includes FIGS. lDB-1 and lOB-2 as shown in this description is illustrative only of the principles of 
the key to FIG. lOB on FIG. lOB-2. 55 the invention and is not intended to limit the invention 

FIGS. IIA and IIB are a more detailed schematic to the particular embodiment described herein, 
diagram of decrement logic circuit DBC16 of FIG. 9B. As in the prior art, in a write operation to the disk, 
FIGS. 12A and 12B are a more detailed schematic data are first written to buffer memory 220 and then 
diagram of increment logic drcuit INC16 of FIG. 9B. read from buffer memory 220 and written to disk. Con- 
FIG. 13 is a more detailed schematic diagram of six- 60 versdy, in a read operation from the disk, data are first 
teen bit comparators U221, U200, and U202 of HG. 4A written to buffer memory 220 from the disk and then 
and U206 of FIG. 4B. read from buffer memory 220 and written to SCSI bus 



DETAILED DESCRIPTION 



275. Data are transferred between buffer memory 220 
and the disk and between buffer memory 220 and SCSI 
In accordance with the principles of this invention, an 65 bus 275 in blocks. Typically, a block, i.e., a sector, is 512 
integrated disk controller integrated circuit 200 in a disk bytes of data. 

drive includes novel buffer room logic hardware 250 • Buffer room logic hardware 250 is initialized by rai- 
within buffer control circuit 240. Buffer room logic CToprocessor 210 through, microprocessor interface 
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circuit 260 upon power-up of the disk drive containing generated on a line DFACK from within buffer control 
integrated disk controDer 200, Specifically, micro- circuit 240 to disk byte counter 252. 
processor 210 loads control registers 258 with the num- The first pulse to disk byte counter 252 on line 
ber of bytes in a block of data and the maximum number DFACK causes disk byte counter 252 to roll over from 
of blocks in buffer memory 220. Herein, buffer memory 5 the initial zero value to a value equal to the number of 
220 is considered as a single complete entity. However, bytes in a block minus one byte, i.e., a predetermined 
as is known to those skilled in the art, buffer memory value is loaded in the counter. As each subsequent byte 
220 may contain one or more segments. Buffer room is transferred from buffer memory 220 to the disk, the 
logic hardware 250 is used with one segment of buffer pulse on line DFACK decrements disk byte counter 
memory 220 in this case. The operation of buffer room 10 252. Thus, when disk byte counter 252 reaches a speci- 
logic hardware for either a segment of memory or the fled value, i.e., zero, a block of data has been tnmsferrcd 
complete memory is the same with only the maximum from buffer memory 220 to disk, 
number of blocks being changed. Consequently, the When disk byte counter 252 reaches zero, block 
maximum number of blocks m buffer memory 220 Is counter 256 is incremented to indicate that one block 
programmable by microprocessor 210. 15 more of memory is available in buffer memory 220. 

In each data transfer between the disk and bus 275, Upon the start of the transfer of the next block of data 
microprocessor 210 initializes buffer room logic hard- from buffer memory 220 to the disk, the pulse on line 
ware 250 by setting bits in control registers 258 to clear DFACK again causes disk byte counter 252 to roll over 
disk byte counter 252 and host byte counter 254, i.e., to the value equal to the number of bytes in a block 
initialize counters 252 and 254 to a first value, and to 20 minus one byte. When the second complete block is 
enable disk byte counter 252 and host byte counter 254, transferred from buffer memory 220, block counter 256 
as required. Microprocessor 210 sets other bits in con- is again incremented. 

trol registers 258 to load block counter 256 with a pre- Hence, in the write operation, disk byte counter 252 
determined value and to enable incrementing and decre- and host byte counter 254 increment and decrement 
menting of block counter 256. In one embodiment, 25 respectively, block counter 256. Consequently, micro- 
block counter 256 is a sixteen bit up/down programma- processor 210 is not required to maintain and monitor 
ble counter. In this embodiment, disk byte counter 252 pointers for buffer memory 220 as in the prior art sys- 
is a twelve bit decrementing programmable counter as terns. 

is host byte counter 254. Tpfe wxitihg of data from SCSI bus 275 to disk contin- 

In a write operation from SCSI bus 275 to the disk, 30 ties until block counter 256 reaches either a zero value' 
i.e., integrated disk controller 200 is in a Write Mode, or the mayiTnnTn value, ie., either a first iimitmg value 
the predetermined value loaded in block counter 256 by or a second limiting value. If block counter 256 reaches 
microprocessor 210 is the maximum number of blocks in zero, buffer memory 220 is fuU and buffer room logic 
buffer memory 220 minus one block. At start of the hardware 250, as described more completely below, 
transfer of each byte from SCSI bus 275 to SCSI first- 35 stops; the data transfer- from SCSI bus 275 to buffer 
in-first-out memory circuit (SCSI FIFO) 271, hereinaf- memory 220 so that a buffer overrun does not occur, 
ter SCSI FIFO 271, in host interface circuit 270, a pulse When block counter 256 reaches the maximum value, 
is generated on line HBCDEC to host byte counter 254. buffer memory 220 is empty, and the tnmsfer of data 
The pulse on line HBCDEC is generated by host inter- from buffer memory 220 to the disk is terminated. . 
face circuit 270 every time SCSI request signal REQ is 40 In the writing of data to disk, when host byte counter " 
asserted by integrated disk controller 200. 250 has a value of one and decrements to zero, the signal 

The first pulse to host byte counter 254 on line on line SREQSTOP to host interface circuit 270 goes 
HBCDEC causes host byte counta* to roll over from high to disable the generation of the next SCSI request 
the initial zero value to a value equal to the number of signal REQ. Signal SREQSTOP remains high until the 
bytes in a block minus one byte, i.e., a predetermined 45 signal on line OFFCNTZERO from host interface cir- 
value is loaded in counter 254. As each subsequent byte cuit 270 goes high. The signal on line OFFCNTZERO 
is loaded from SCSI bus 275 into SCSI FIFO 271, the goes high when the SCSI acknowledge signal ACK is 
pulse on line HBCDEC decrements host byte counter received for the last byte of data in the block. When the 
254. Thus, when host byte counter 254 reaches a speci- signal on line OFFCNTZERO goes high, block 
fied value, i.e., zero, a block ofdata has been transferred 50 counter 256 is decremented by one and the signal on 
to buffer memory 220. line SREQSTOP goes low if the value of block counter 

When host byte counter 254 reaches zero, block 256 is not zero. If the value of block counter 256 is zero, 
counter 256 is decremented to indicate that one block signal SREQSTOP remains high so that data is not 
lessof memory is available in buffer memory 220. Upon requested when the buffer memory has no available 
the start of the transfer of the next block of data from 55 storage space. Thus, bytes of data are requested from 
SCSI bus 275 to SCSI FIFO 271, the pulse on line the host only when space is available in buffer memory 
HBCDEC again causes host byte counter 254 to roll 220, and block counter 256 is decremented only after 
over to the value equal to the nimiber of bytes in a block transfer of a complete block. 

mmus one byte. When the second complete block is in In a read operation from the disk to SCSI bus 275, Le., 
buffer memory 220, block counter 256 is again decre- 60 integrated disk controller 200 is in a Read Mode, a zero 
o^nted. value is loaded in block counter 256 by microprocessor 

As in the prior art devices, transfers between buffer 210. Bits in control register 258 are set to enable incre- 
memory 220 and the disk, and between buffer meniory menting and idecrementing of block counter 256, to 
and SCSI bus 275 take place concurrently. Thus, buffer enable host byte counter 254, and to clear host byte 
control circuit 240, in response to signals from micro- 65 counter 254. 

processor 210, may start to transfer data that has been When a block of data has been read from disk and 
loaded in buffer memory. 220 to the disk. As each byte written to buffer memory 220 without an error or a 
is transferred from buffer memory 220 to disk, a pulse is block with an error was automatically corrected in 
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buffer memory 220, disk control circuit 230 generates a TABLE 1 

pulse on line SECTOR—OK that increments block 



counter 256. As each subsequent block is transferred ^^^''^^^^iv??"!^^.^*^^^? ,ok^ 

from disk to buffer memory 220 a pulse on line SEC- Bit. DdS^ wntc/Read, 59b) 

TOR-OK increments block counter 256. 5 7^ dbcaren . Disk Byte Carry Enable 

Again, transfers between buffer memory 220 and the 6(-) HBCCLR - Host Byte Counter Qcar 

disk and buffer memory 220 and SCSI bus 275 take Hr) dbcclr - Disk Byte Counter Clear 

place concurrently. Thus, buffer control circuit 240 1<:> ^'^'^ ^ 

may start to transfer the data that has been loaded m Counter Load Value 

«-jr — *^ t« ^11- a.TT^ iwouw iu BCTRHOSTEN- Block Coimtmg Enabled With Host 

buffer memory 220 to SCSI bus 275. At the start of the 10 Transfers 

transfer of each byte from buffer memory 220 to SCSI o(.) bctrdiskjen • Block Counting EnaUed with Disk 

FIFO 271 in host interfsce circuit 270, a pulse is gener- . Transfers 

atcd on line BACK to alert SCSI FIFO that a byte of ^JSS^tJ^Sk^lSr ^ 

data is coming. Bit^ Definition 

The pulse on line BACK is used to decrement host 15 bkmax[7:0] 

byte counter 254. The first pulse to host byte counter Maximum Block Count Register. Byte 1 

254 on line BACK causes host byte counter 254 to roU (bkmaX-I, Write, 5Bh) 

over from the zero value to a value equal to the number — Definition 

of bytes in a block minus one byte, i.e., again the prede- BKMAxiisiS] 

tennined value is loaded in counter 254. As each subse- 20 * BmAX < = (SEGSIZE div (BCMAX+ !)) - i 

qucnt byte is transferred from buffer memory 220 to Block Count Threshold Register. Byte 0 

SCSI FIFO 271, the pulse on line BACK decrements (BCTHR-.0, write, 5Ch) 

host byte counter 254. Thus, when host byte counter ^ 

254 reaches the selected value, e.g., zero, a block of data n^shold ReriSTStf l 

has been transferred from buffer memory 220. 25 (BCTHR_l, Write, * 

When host byte counter 254 reaches zero, block Bit_ Definition 

counter 256 is decremented to indicate that one block 7:0 bcthr(15:S3 

more of memory is available in buffer memory 220. Maximum Byte Count Register, Byte 0 

Upon the start of the transfer of the next block of data (BCMax_o, write, soi) 

from buffer memory 220 to SCSI FIFO 271, the pulse 30 bcmaxftk )] 

on line BACK again causes host byte counter 254 to roll Maximuln Byte Count Register. Byte 1 

over to the value equal to the number of bytes m a block (BCMAX-.1, Write, 5Fb) 

minus one byte. When the second complete block is llL. Definition 

transferred from buffer memory 220, block counter 256 reserved 

is aeain decremented. 35 , bcmaxiii:81 

» ^oui ucT^x^ucuicu. , oT5rvrv^« „ ^"^ Block Counter Register, Byte 0 

Hence, m the read operation, signal SECT0IL.OK (bctr— 0, Rud, SAh) 

and host byte counter 254 increment and decrement Bit_ ' Definition 

respectively, block counter 256. Consequently, micro- 7K)C-) BCTOt?^)] 

processor 210 is also not required to maintain and moni- Block Counter Register, Byte 1 

tor pointers for buffer memory 220 as in the prior art 40 ^^jj^** Definition 

systems for a read operation. ^ BCTRn:fe81 

The reading of data from disk to SCSI bus 275 contin- Host Byte Counter Register. Byte 0 * 

ucs until block counter 256 reaches either zero or the (HBC_a Read, 5Ch) 

maximum value. If block counter 256 reaches the maxi- ^l. Definition 

mum value, buffer memory 220 is full and buffer room 45 7:0(-) HBCpK)] 

logic hardware 250, as described more completely be- ^^^:^Tt^^' ®^ ' 

low, stops the data transfer from the disk to buffer mem- ' ^ Definition 

ory 220 so that a buffer overrun does not occur. When 7.4 reserved 

block counter 256 reaches a zero value, buffer memory 3.0(-) HBC[n:8] 

220 is empty, and the transfer of data from buffer mem- 50 ^ Byte Counter Register, Byte 0 

ory 220 to SCSI bus 275 is terminated. ^Bit^^' Definition 

FIGS. 3A through 13 arc a more dct^ed schematic DBCr7 0l° 

diagram of buffer room logic hardware 250 (FIG. 2) of jy^ Bj^ Counter Register, Byte 1 

this invention. In FIGS. 3A through 13, the reference (DBCJ, Read, 5Fh) 

numeral for a component refers to only the component 55 Bi|L Definition 

shown in the particular figure. Further, a conmion ref- reserved 

erence name is used for both a line and the signal on the ^'^'^ 

line. Control registers 258 (FIG. 2) are not illustrated in 

FIGS. 3A through 13. Rather, ngnal lines from bits in In this embodiment, in a write from the host to the 

the registers have the same name as the bits. Therefore, 60 disk, microprocessor 210 (FIG. 2) initializes the various 

the addition of the registers to the detailed schematic bits in register BCTRCTL (Table 1). Specifically, bit 

diagrams will be apparent to those skilled in the art. DBCAREN is set so that block counter 256 (FIG. 2) is 

One embodiment of control registers 258 is given in incremented every time disk byte counter 252 dccrc- 

Table 1. In Table 1, a **(—)" after the number of a bit ments from a value of one to a value of zero. Bit 

indicates that preferably the bit is cleared upon power- 65 DBCAREN is preferably modified only when the disk 

up of integrated disk controller 200. The use and initial- port is disabled. Bit BCTRDISKEN is set to enable 

ization of the various bits in control registers 258 are incrementing block counter 256 during host transfers 

described more completely below. when data are moved from buffer memory 220 to disk. 
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Host byte counter clear bit HBCCLR and disk byte values loaded into block counter 256 in one embodi- 

counter clear bit DBCCLR are both set. The high sig- ment 

nal on line HBCXLR is applied to terminal BCCLR of ta t? o 

host byte counter HBCNT (FIG. 3B) to clear the i auui z 
counter, and the high signal on line DBCCLR is applied 5 
to terminal BCCLR of disk byte counter DBCNT 
(FIG. 3A) to clear the counter. 

FIGS. 5A and 5B are a more detailed schematic dia- 
gram of disk byte counter DBCNT and host byte 
counter HBCNT, which in this embodiment are identi- 
cal. Briefly, both counters include a twelve bit 4: 1 multi- 
plexer UIW (FIG. 5A) which has four input terminals. Bits BCTRLOAD and BCTRVAL are also set for one 
two signal select input terminals, and an output terminal clock pulse and then automatically reset, 
which provides the inverse of the signal on the selected as explained above, in a write operation, block 
input terminal. Note, as descnbed more completely counter 256 is loaded with the maximum number of 
below, each of the four input terminals and the output blocks in buffer memory 220, Thus, in the write opera- 
terminal represents a group of terminals that are con- tion initialization, microprocessor 210 sets bit 
nected to a bus. The output signal from multiplexer BCTRLOAD to one and bits BCTRVAL to "0.1", 
U104 is applied to the D input terminal of twelve bit which in turn drives signal BCTRLDMAX to terminal 
D-type flip-flop U105 (FIG. SB). Output terminal Q of ^ BCTRLDMAX of blodc counter BLOCKCNT (FIG. 
flip-flop U105 drives input terminal I— of decrement 4B) high. In the initialization, the signals on lines 
logic circuit DEC12. Output terminal NQ of flip-flop BCTOOUNTI, BCTDECI, and BCTRCLR to input 
U105 drives bus BC and input terminal I of decrement terminals BCTCOUNTI, BCTDECI, and BCTRCLR, 
logic circuit DEC12, Herein and in the overview de- respectively, of block counter BLOCKCNT are all 
scriptions that follow, a terminal reference character, low. 

"Q" for example is the same as, and a shorthand nota- Prior to considering the initialization of block 
tion for the reference character giving the number of counter 256 further, the detailed structure of one em- 
lines in the bus connected to the terminal, "Q(l 1:0)" for bodiment of block counter 256 is described. FIGS. 4A 
example. and 4B are a more detailed schematic of block counter 

At this time in the initialization, the signal on line 256 (FIG. 2), which in this embodiment is a sixteen bit 
BCCOUNT (FIG. 5A) is low and so a low signal is up/down programmable counter. In this embodiment, 
applied to terminal SO of twelve bit 4:1 multiplexer block counter 256 includes block counter BLOCKCNT 
U104 (FIG. 5A), which is illustrated in more detail in which has input terminals BKMAX(15;0), 
FIGS. 6A and 6B. The high signal on line BCCLR 35 BCTCOUNTI, BCTDECI, BCTRLDMAX, 
drives the output signal of NOR gate U106 low which BCTRCLR, CLK, and BRESET. Block counter 
in turn drives the output signal ofAND gate U102 low BLOCKCNT has output terminals BCTR(15:0), 
and consequently the output signal of inverter U103 BCMINUS(15K)), BCPLUS(15:0), BCTREQO and 
high so that a high signal is applied to terminal SI of BCTREQl. Block counter 256 also includes four corn- 
twelve bit 4: 1 multiplexer U104. ^ parator drcuits U221, U20a U202, and U206, which are 

When the signal on terminal SO is low and the signal shown in more detail in FIG. 13. Finally, block counter 

on terminal SI is high, twelve bit 4:1 multiplexer U104 circuit 256 includes a sixteen bit transparent latch U218 

selects the signals on input terminal D2-.(ll:0), which that is connected to output terminal BCTR(15:0) of 

are grounded. Thus, the output signals on output termi- block counter BLOCKCNT and which drives bus 

nalQ(llK))oftwelvebit4:lmultiplcxcrU104totwelve 45 BCnUL(15:0). 

bit D-type flip-flop U105 (FIG. 5BX which is illustrated FIGS. 9A and 9B are a more detailed schematic of 

in more detail in FIG. 7, are all high. Thus, on the next block counter BIXX^KCNT (FIG. 4B). Briefly, block 

clock pulse on line CLK, twelve bit D-type flip-flop counter BLOCKCNT includes a sixteen bit 4:1 multi- 

U105 generates a logic one value on output terminal plexei UlOO (FIG. 9A) vnth four input terminals, two 

Q(11:0) and a logic zero value on terminal NQ(11:0), 50 signal select input terminals, and an output terminal that 

which drives bus BC(1 1:0) that carries the value of the provides the complement of the signal on the selected 

counter. input terminal. Again, the four input terminals and the 

Thus, the setting of host byte counter clear bit output terminal represent a group of terminals con- 
HBCCLR and disk byte counter clear bit DBCCLR by nected to a bus. The signal from multiplexer UlOO 
microprocessor 210 (FIG. 2) in the write initialization 55 drives input terminal D of sixteen D-type flip-flop UlOl 
process cleared host byte counter HBCNT (FIG. 3B) (FIG. 9B). Output terminal NQ of flip-flop UlOl is 
and disk byte counter DBCNT (FIG. 3A). In this em- connected to bus BCTR and to input terminal I of logic 
bodiment, bits DBCCLR and HBCCLR arc set for one decrement circuit DEC16. Output terminal Q of flip- 
clock pulse and then automatically reset. flop UlOl is connected to input terminal I — of logic 

Microprocessor 210 in the write initialization also sets 60 increment circuit INC16 and to two by sixteen NOR 

bits BCTRLOAD and BCTRVAL. Prior to consider- gate U103 (FIG. 9A). Output terminal O of logic incre- 

ing the specific operations in the write initialization, the ment circuit INC16 is connected to bus BCPLUS and to 

general operations controlled by bits BCTRLOAD and input terminal D2-.>(15K)) of multiplexer UlOO. Output 

BCTRVAL are briefly considered. Bits BCTRLOAD terminal O of decrement circuit DEC16 is connected to 

and BCTRVAL control loading of block counter 256. 65 bus BCMINUS and to iapuX terminal D3_(15K)). 

Bit BCTRLOAD is set to load block counter 256. The Returning to the initialization of blodc counter 

value loaded into block counter is determined by the BLOCKCNT, signals BCTDECI and BCTRLDMAX 

second and third bits BCTRVAL. Table 2 iUustrates the (FIGS. 4A and 9A) drive NOR gate U104 (FIG. 9A). 
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Since signal BGTRLDMAX is high during the initial- As explained above, in a write operation from SCSI 
ization, the resulting low output signal of NOR gate bus 275 (FIG. 2) to the disk, integrated disk controller 
U104 drives the output signal of inverter U105 high so 200 is in the Write Mode which means that the signal on 
that a high signal is applied to terminal SO of sateen bit line TARGWR (FIG. 3B) is high and the signal on line 
4:1 multiplexer UlOO, which is illustrated in more detail 5 TARGWR— is low. Also, as explained above, at the 
in FIGS, IDA and lOB. The low signal on line start of the transfer of each byte from SCSI bus 275 
BCTCOUNTI is buffered by inverters U106 so that a (FIG. 2) to SCSI FIFO 271 in host interface circuit 270, 
low signal is applied to terminal SI of sixteen bit 4:1 a pulse is generated on line HBCDEC (FIG. 3B). 
multiplexer UlOO. Since the signal on Ime BCTRHOSTEN is high, as 

When the signal on terminal SO is high and the signal 10 explained above, all the input signals to NAND gate 
on terminal SI is low, sixteen bit 4:1 multiplexer UlOO U122 are high when the signal on line HBCDEC goes 
selects the signals, on input terminal DL(1S:0) which is from low to high for the first time and so the output 
driven by bus BKMAX(15.*0), which is connected to signal of NAND gate U122 goes from high to low 
register BKMAX (Table 1). Microprocessor 210 (FIG. which in turn drivel a first input signal to NAND gate 
2) loads register BKMAX with the niaxhnum number of 15 U124 low. Input signal TARGWR^ to NAND gate 
blocks in buffer memory 220 minus one block. Thus, the U123 is low and input signal BCTRHOSTEN is high so 
output signals on output terminal Q(15:0) — (FIG. 9 A) that the high output signal of NAND gate U123 drives 
of sixteen bit 4:1 multiplexer UlOO to input terminal a second input signal to NAND gate U124 high. Conse- 
D(15:0) of sixteen bit D-type flip-flop UlOl (FIG, 9B) is quently, the signal on line HBCCOUNT from NAND 
the complement of the maximum number of blocks 20 gate U124 to input terminal BCCOUNT of host byte 
minus one block in the buffer memory. (Sixteen D-type counter HBCNT goes from low to high, 
flip-flop UlOl (FIG. 9B) is similar to twelve D-type The high signal on terminal BCCOUNT if buffered 
flip-flop U105 ^IG. 7) when the four bit difference in by inverters UlOO (FIG. 5A) and applied to terminal SO 
size is considered. Therefore, a detailed diagram for of twelve bit 4:1 multiplexer U104. The high signal on 
sixteen D-type flip-flop UlOl (FIG. 9B) is not pres- 25 terminal BCCOUNT is also applied to a first input ter- 
ented.) On the next clock pulse on line CLK, sixteen minal of NAND gate UlOl (FIG. 5A). The second 
D-type flip-flop UlOl generates the maximum number input terminal of NAND gate UlOl is driven by the 
of blocks in the buffer memory 220 minus one block on signal on line BCEQO from decrement circuit DEC12 
terminal NQ(15.0) to bus BCTR(15:0). The value on bus (FIG. SB and FIGS. SA and 8B). RecaU, that in the 
BCTR(15:0) is provided to axteen bit latch U218 (FIG. 30 initialization, host byte counter HBCNT (FIG. 3B and 
4B). Signal LATBCTR— is normally high so that latch FIGS. 5A and SB) was loaded with a zero value. Thus, 
U218 is normally transparent and the value on the input the signal on line BCEQO is high and so the output 
terminal of latch U218 is transferred to bus signal of NAND gate UlOl is driven low. The low 
BCrRL( 15.-0). Microprocessor 210 takes the signal on signal from NAND gate UlOl drives the output signal 
line LATBCTR— low when microprocessor 210 is 3S of AND gate U1Q2 low which in turn drives the output 
reading the value of the block counter and does not signal of inverter U103 high. The high signal firom in- 
want the value to change during the read process. verter U103 is applied to terminal SI of twelve bit 4:1 

To enable decrementing block counter multiplexer U104. 
BLOCKCNT, microprocessor 210 (FIG. 2) sets bit When the signal on terminal SO is high and the signal 
B CTR HOSTEN in block cou nter control register 40 on terminal SI is high, twelve bit 4:1 multiplexer U104 
BCTRCTL (Table 1), When bit BCTRHOSTEN is set, selects the signal on input terminal D3— (1 1 :0), which is 
block counter BLOCKCNT (FIG. 4B) is decremented driven by bus BCMAX(11:0), which in turn is con- 
every time a whole block is transferred between the nected to register BCMAX. Thus, the output signal on 
host and buffer memory 220, as explained more com- output terminals Q(11:0) — (FIG. 5A) of twelve bit 4:1 
pletely below. When bit BCTRHOSTEN is reset, host 45 multiplexer to twelve bit D-type flip-flop U105 (FIG. 
transfers, i.e-, transfers between the buffer memory and 5B) is the complement of the maximum number of bytes 
bus, have no effect on block counter BLOCKCNT. Bit in a block minus one byte. On the next clock pulse on 
BCTRHOSTEN is preferably modified only when the line CLK, twelve bit D-type flip-flop U105 generates 
hc»t port is disabled. the value of the maximum niHnber of bytes in a block 

To enable incrementing block counter BLOCKCNT 50 minus one byte on output terminal NQ(1 1;0). The out- 
(FIG. 4B), microprocessor 210 (FIG. 2) sets a bit put signal of twelve bit D-type flip-flop U105 (FIG. SB) 
BCTRDISKEN in block counter control register on output terminal NQ(ll:0) is the value on bus 
BCTRCTL (Table 1). When bit BCTRDISKEN is set, HBC(1 1 :0) (FIG. 3B). 

block counter BLOCKCNT (FIG. 4B) is incremented The output signal from terminal NQ(11:0) of twelve 
every time a whole block of data is transferred between 55 bit D-type flip-flop U105 is fed back to input terminal 
disk and buffer memory 220. When bit BCTRDISKEN D0--(1 1 :0) of twelve bit 4; 1 multiplexer U104 and ap- 
is reset, disk transfers, i.e., transfers between buffer plied to input terminal 1(1 1:0) of decrement circuit 
memory 220 (FIG. 2) and disk have no effect on block DEC12. (HGS. 5A and 5B), Decrement circuit DEC12 
counter BLOCKCNT (FIG. 4B). During read or write subtracts one firom the value on its input terminal and 
operations, bit BCTRDISKEN is set along with bit 60 the output signal on output terminal Q(llK)) of decre- 
BCTRHOSTEN. Bit BCTRDISKEN is preferably ment circuit DEC12 is applied to input terminal 
modified only when the disk port is disabled. Dl-.(1 1 :0) of twelve bit 4: 1 multiplexer U104. When the 

Microprocessor 210 also loads register BCMAX with value of the counter equals zero, the signal on line 
the number of bytes per block minus one byte. The BCEQO goes low. 

value of register BCMAX is provided by bus 65 Thus, the first pulse to host byte counter HBCNT on 
BCMAX(1 1:0) to host byte counter HBCNT (FIG. 3B, Ime HBCDEC causes host byte counter value HBC to 
5A and SB) and disk byte counter DBCNT (FIG. 3A, roll over from the initial zero value to a value equal to 
5A and SB). the number of bytes in a block minus one byte. When 



03/18/2004, EAST Version: 1.4.1 



5,450,546 

15 16 

the signal on line BCEQO (FIG. SA) goes low. the logic elusive NOR gate U107, and one input terminal of 
driving terminal SI of twelve bit 4:1 multiplexer U104 AND gate U108 (FIG. 3 A). The output signals of gates 
also goes low and remains low until the signal on line U129, U107, and U108 control the incrementing and 
BCEQO goes high again. Thus, the signal passed decrementing of block counter BLOCKCNT (FIG. 
through twelve bit 4:1 multiplexer U104 is determined 5 4B). The output signals of gates U129, U107, and U108 
by the signal level on line BCCOUNT until line BCEQO are determined by signal BCTRUP— which is con- 
goes high again. Specifically, when signal BCCOUNT nected to a second input terminal of each of gates U129, 
is low, the value of the counter is passed through multi- U107, and U108 and signal BCTRDOWN. 
plexerU104 and when signal BCCOUNT goes high, the During a transfer between the SCSI bus and the 
decremented value of Ac counter is passed through 10 buffer memory, signal BCTRUP— from NOR gate 
multiplexer U104. U127 is high. Thus, with agnal BCTRDOWN high, 
Hence» as each subsequent byte is loaded from SCSI agnal BCTCOUNTI from Exdusive NOR gate is high 
bus 275 into SCSI FIFO 271, the pulse on line and signal BCTDECI from AND gate U108 is high. 
HBCDEC drives the dgnal on line HBCCOUNT high Prior to receiving higji signal BCTRDOWN, signal 
which in turn drives terminal BCCOUNT of host byte 15 BCTINCI was low, ^gnal BCTCOUNTI was low, and 
counter HBCNT high. The high signal on temunal signal BCTDECI was low. 

BCCOUNT is applied to terminal SO of twelve bit 4:1 To understand the e£fect on block counter 

multiplexer U104 (FIG. 5A) and so the decremented BLOCKCNT (FIG. 4B) when signal BCTRDOWN 

value on terminal DL(11:0) is loaded into twelve bit goes high, the structure of block counter BLOCKCNT 

D-type flip-flop U105 (FIG. 5B). Thus, host byte 20 is considered in more detail at this time. As described 

counter value HBC is decremented as each byte of data above, bus BKMAX(15K)) is connected to input termi- 

is transferred between the SCSI bus and the buffer nalsDl— (15:0) of sixteen bit 4: 1 multiplexer UlOO (FIG. 

memory. 9A). The complement of the value of block counter 

When host byte counter value HBC (FIG. 3B) is one, BLOCKCNT is passed though two by axteen NOR 

the signal on line BCEQl from decrement circuit 25 gate U103 (a two by sixteen NOR gate is sixteen NOR 

DEC12 (FIG. SB) goes high which in turn drives the gates with each NOR gate having two input terminals) 

signal on line HBCEQl (FIG. 3B.) high. High signal which also receives signal BCTRCLR as derived from 

HBCEQl is a first input signal to NAND gate U116. bits BCTRVAL in register BCTRCTL. Output signal 

The second input signal to NAND gate U116 is pro- DIX(15:0) from NOR gate 103 drives input tenninal 

vided by line HBCCOUNT. Thus, as the next byte is 30 D0-.(15:0) of sixteen bit 4:1 multiplexer UlOO (FIG- 

transferred from the SCSI bus to the buffer memory, 9A). When bits BCRTVAL are *Vfi'^ signal 

the output signal of NAND gate U116 goes low and in BCTRCLR is high so that input terminal D0-.(15;0) 

turn drives the output signal of NAND gate U117 high. receives all logic zero signals. Otherwise, input terminal : 

This high signal is clocked through D-type flip-flop D0^(15:0) receives the value of block counter 

mi8 to OR gate U113. The resulting high signal from 35 BLOCKCNT. 

OR gate U113 drives line SREQSTOP. H^gh signal Input terminal D2_(15:0) of sixteen bit 4:1 multi- 

SREQSTOP causes the host interface circuit to stop plexer UlOO (FIG. 9A) receives the signal on output 

generating SCSI request signal REQ. terminal O(lS:0) of increment circuit INC16 ^G. 9B), 

The high signal from flip-flop U118 is also fed bade to which b shown in more detail in FIGS. IIA and IIB. 

NAND gate U115, which is also driven by the inverse 40 The output signal of increment circuit INC16 is the 

of the signal on Une OiE'FCNTZERO. The host inter- vahie of block counter BLOCKCNT plus one. Input 

face circuit sets signal OFFCNTZERO high when the terminal D5-(15:0) of sixteen bit 4:1 multiplexer UlOO 

SCSI acknowledge signal ACK for the last byte in the (FIG. 9A) receives the signal on output terminal 

block is received. High signal OFFCNTZERO drives 0(15:0) of decrement circuit DEC16 (FIG. 9B), which 

the signal of inverter U114 low which in turn drives the 45 is shown in more detail in FIGS. 12A and 12B. The 

output signal of NAND gate U115 high. The high sig- output signal of decrement circuit DEC16 is the value 

nal from NAND gate U115 drives the output signal of of block counter BLOCKCNT minus one. 

NAND gate U117 low because at this time the signal on As explained above, prior to host byte counter 

line HBCEQl has gone low. This low signal is clocked HBCNT reaching a value of one, signal BCTCOUNTI 

through flip-flop U118 to OR gate U113. Thus, the 50 (FIG. 3A) to input terminal BCTCOUNTI of block 

signal on line SREQSTOP goes low unless the signal on counter BLOCKCNT (FIG. 4B) was low, and signal 

either line HNOROOM or line HNRMLAT is high, as BCTDECI (FIG, 3A) to input terminal BCTDECI of 

described more completely below. block counter BLOCKCNT (FIG. 4B) was low. Signal 

When the output signal on output terminal Q of flip- BCTCOUNTI is buffered and applied to input terminal 
flop U118 was high, the signal on output terminal NQ 55 SI of sixteen bit 4:1 multiplexer UlOO (FIG. 9A). Simi- 
was low. This low signal was clocked into D-type flip- larly, signal BCTDECI is buffered and applied to input 
flop U119 so that the high signal on output terminal NQ terminal SO of sixteen bit 4: 1 multiplexer UlOO (FIG. 
of this flip-flop to a first input tenninal of NAND gate 9A). Thus» prior to host byte counter HBCNT reaching 
U120 was high. The low signal on output tenninal NQ a value of one, the value of block counter BLOCKCNT 
of flip-flop U118 is also applied to a second input termi- 60 on input terminal DO— (15K)) was selected as the input 
nal of NAND gate U120. Hence, when the signal on signal to sixteen bit 4:1 multiplexer UlOO. 
output terminal Q of flip-flop U118 goes low and the When signal HBECEQl (FIG. 3B) goes high from 
signal on output tenninal NQ goes high, the output host byte counter HBCNT and line BCTRDOWN is 
signal of NAND gate U120 is driven low. This low driven high as a result, signal BCTCOUNTI from Ex- 
signal drives the output signal of NAND gate U121 on 65 elusive NOR gate (FIG 3A) is driven high and signal 
line BCTRDOWN high. BCTDECI from AND gate U108 is also driven high. 

Signal BCTRDOWN (FIG. 3B) drives one input Thus, signal select terminals SO and SI of sixteen bit 4:1 

teimmal of NOR gate U129, one input tenmnal of Ex- multiplexer UlOO (PIG, 9 A) are both high. Therefore, 
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the value of decrement circuit DEC16 (FIG. 9B) on 
input terminal D3-(15:0) (FIG. 9A) is selected as the 
input signal to sixteen bit 4:1 multiplexer UIOO. Hence, 
the complement of the value of block counter 
BLOCKCNT minus one is loaded into sixteen bit D- 5 
type flip-flop UlOl (FIG. 9B) on the next clock pulse on 
line CLK. The signal on output terminal NQ(15:0) of 
sixteen bit I>-type flip-flop UlOl is applied to input 
terminals 1(15:0) of decrement drcoit DEC16 which 
decrements the value by one. The signal on output 10 
teimhial (^15:0) of flip-flop UlOl is applied to input 
tenxiinal terminab KIS.-O) — of increment circuit IN16» 
which increments the value by one. 

Thus, when host byte counter value HBC (FIG. 3B) 
reaches zero, a block of data has been transferred to 15 
buffer memory 220 and block counter BLOCKCNT 
(FIG. 4B) was decremented to indicate that one block 
less of memory is available in buffer memory 220. Also, 
when host byte counter value HBC reaches zero, signal 
BCEQO from decrement circuit DEC12 (FIG, 5B) goes 20 
high. 

At the start of the transfer of the next block from the 
SCSI bus to the buffer memory, when the signal on line 
BCCOUNT (FIG, 5A) goes high, the output signal of 
KAND gate UlOl goes low which in turn drives the 25 
output signal of AND gate U102 low. Inverter U103 
receives this low signal and in response applies a high 
»gnal to terminal SI of twelve bit 4:1 multiplexer U104 
(FIG. 5A). Signal BCCOUNT is again buffered and 
applied to input terminal SO. Hence, as explained above, 30 
host byte counter HBCNT rolls over from zero to the 
value on bus BCMAX(1 1 :0), which is the value equal to 
the number of bytes in a block minus one byte. When 
the second complete block is in buffer memory 220, 
block counter 256 is again decremented, as described 35 
above for the first block. 

As explained above, transfers between buffer mem- 
ory 220 and the disk and buffer memory 220 and SCSI 



When disk byte counter DBCNT has a value of one, 
the signal on line DBCEQl goes high. Signal DBCEQl 
and signal DBCCOUNT drive NAND gate U105. 
Thus, the next pulse on line DFACK drives signal 
DBCCOUNT high, which in turn drives the output 
signal of NAND gate U105 low. The low signal from 
NAND gate U105 is appHed to input terminal Dl of 2:1 
multiplexer U106. 

Recall, that in the write op^adon, bit DBCAREN is 
set so that a high signal is applied to input terminal SO of 
2:1 multiplexer U106. Consequently, multiplexer U106 
inverts the low output signal of NAND gate U1Q5 and 
applies a high signal to NOR gate U127. Thus, the out- 
put signal of NOR gate U127 on line BCTRUP— is 
low. 

At this time the signal on line BCTRDOWN (FIG. 
3B) to gates U107 and U108 (FIG. 3A) is low. Thus, 
signal BCTCOUNTI from gate U107 is high and signal 
BCTDECI from gate U108 is low. As described above, 
signals BCTDECI and BCTCOUNTI are effectively 
applied to input terminals SO and SI of sixteen bit 4:1 
multiplexer UIOO (FIG. 9A) of block counter 
BLOCKCNT. Thus, multiplexer UIOO passes the com- 
plement of the signal on input terminal D2^(15:0) from 
increment circuit INC16 (FIG. 9B) to input terminal 
D(15:0) of sixteen bit D-type flip-flop UlOl. 

When disk byte counter DBCNT (FIG. 3A) reaches 
a value of zero, a block of data has been transferred 
from buffer memory 220 to disk and block counter 
BLOCKCNT (FIG. 4B) is incremented to indicate that 
one block more of memory is available in buffer mem- 
ory 220. Upon the start of the transfer of the next block 
of data from buffer memory 220 to the disk, the pulse on 
line DFACK again causes disk byte counter DBCNT to 
roll over from a zero value to the value equal to the 
number of bytes in a block minus one byte. When the 
second complete block is transferred from buffer mem- 
ory 220, block counter 256 is again incremented. 
Hence, in the write operation, disk byte counter 



bus 275 take place concurrently. Thus, buffer control 
circuit 240, in response to signals from microprocessor 40 DBCNT (FIG. 3A) and host byte counter HBCNT 
210, may start to transfer data that has been loaded in (FIG. 3B) increment and decrement respectively, block 
buffer memory 220 to the disk. As each byte is trans- counter BLOCKCNT (FIG, 4B). Consequently, micro- 
ferred from buffer memory 220 to disk, a pulse is gener- processor 210 is not required to maintain and monitor 
ated on line DFACK to disk byte counter 252. pointers for buffer memory 220 as in the prior art sys- 

Rccall that, as described above, disk byte counter 45 terns. 
DBCNT (FIG, 3A) and host byte counter HBCNT The writing of data to disk continues until block 
(FIG. 3B) have an identical structure. Also, in the ini- counter BLOCKCNT reaches either a zero value or the 
tializationforthewritetodiskjbitDBGCLR wasset. In predetermined maximum value. If block counter 
response to the high signal on line DBCCLR to input BLOCKCNT (FIG. 4B) reaches a value of one, the 
terminal BCCLR of disk byte counter DBCNT (PIG. 50 signal on line BCTREQl goes high. Signals 



3A), disk byte counter DBCNT is initialized in the same 
manner as host byte counter HBCNT was in response to 
a high signal on line HBCCLR. Accordingly, that de- 
scription of that initialization is incorporated herein by 
refi^ence. 

The first puke to disk byte counter DBCNT (FIG. 
3A) on line DFACK generates a pulse on line 
DBCCOUNT from AND gate U109 because in the 
initialization, bit BCTRDISKEN was set. Each pulse 



BCTREQl, BCTDECI and HNRMLATEN are input 
signals to NAND gate U212. 

Signal HNRMLATEN is driven by a host no room 
latch enable bit, which is initialized by microprocessor 
55 210 in the initialization sequence. Microprocessor 210 
sets this enable bit to prevent host transfers from restart- 
ing until microprocessor 210 clears the bit Typically, 
the bit is set when disconnection from the SCSI bus is 
possible so that other devices can use the SCSI bus until 



on line DBCCOUNT decrements disk byte counter 60 room becomes available in the buffer memory. Altema- 



DBCNT in the same manner as a pulse on line 
HBCCOUNT decremented host byte counter HBCNT. 
Accordingly, the above description for decrementing 
host byte counter HBCNT is incorporated herein by 
reference. Hence, as each subsequent byte is transferred 65 
from buffer memory to the disk, the pulse on line 
DFACK and the resulting pulse on Imc DBCCOUNT 
decrements disk byte coimter DBCNT. 



tivdy, if the host no room latch enable bit is not set, no 
data are accepted from the SCSI bus until room be- 
comes available in the buffer memory, as described 
more completely below. 

Thus, if signal HNRMLATEN is high and signal 
BCTREQl is high, the output signal of NAND gate 
U212 goes low when signal BCTDECI goes high. The 
circumstances under which signal BCTDECI goes high 
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were described above and that description is incorpo- Microprocessor 210 in the read initialization also sets 
rated wherein by reference. The low signal from bits BCTRLOAD and BCTRVAL. In a read operation, 
NAND gate U212 drives the signal from NAND gate block counter 2S6 is loaded with a zero value. Thus, in 
U213 high. The high signal from NAND gate U213 is the read operation initialization, microprocessor 210 
clocked into D-type flip-flop U214 on the next clock 5 sets bit BCTRLOAD to one and bits BCTRVAL to 
pulse on line CLKL Conscquendy, the signal on output **0,0*', which in turn drives signal BCTRCLR to tenni- 
terminal NQ goes low which in turn drives the ou^ut nal BCTRCLR of block counter BLOCKCNT (FIG. 
signal of inverter U216 on line HNRMLAT high. The 4B) high. In the initialization, the signals on lines 
signal on line HNRMLAT sets a status bit for micro- BCTCOUNTI, BCTDECI, and BCTRLDMAX to 
processor 210. 10 input terminals BCTCOUNTI, BCTDECI, and 

This sequence of events was initiated by block BCTRLDMAX, re^)ectivdy, of block counter 
counter BLOCKCNT (FIG. 4B) having a value of one BLOCKCNT are sOl low. 

and then decrementing to zero. When block counter Signals BCTDECI and BCTRLDMAX (FIGS. 4A 
BLOCKCNT reaches a value of zero, the signal on line and 9A) drive NOR gate U104 (FIG. 9A). The resulting 
BCTREQO goes high. Since signal BCTRHOSTEN is 15 high output signal of NOR gate U104 drives the output 
high, high signal BCTREQO drives the output signal of signal of inverter U105 low so that a low signal is ap- 
AND gate U204 on line HNOROOM high. plied to terminal SO of sixteen bit 4:1 multiplexer UIOO. 

Since this is a write operation, the signal on line The low signal on line BCTCOUNTI is buffered by 
TARGWR (FIG. 3B) is high and the high signal on line inverters U106 so that a low signal is applied to terminal 
HNOROOM drives the output signal of NAND gate 20 SI of sixteen bit 4:1 multiplexer UIOO, 
UllO low. This low signal drives the output signal of When the signal on terminal SO is low and the signal 
NAND gate U112 to OR gate U113 high which in turn on terminal SI is low, sixteen bit 4:1 multiplexer UIOO 
generates a high signal on Une SREQSTOP. The high selects the signals on input terminals DO— (15:0) which 
signal on line HNRMLAT also drives the signal on line is driven bus DIX(15:0) which in turn is connected to 
SREQSTOP high. As described above, host interface 25 two by sixteen NOR gate U103. The high signal on line 
circuit 270 stops generating SCSI request signal REQ BCTRCLR, which is derived from bits BCTRVAL, is 
when signal SREQSTOP is high. Thus, when buffer inverted by NOR gate U102 and then inverted again by 
memory 220 is fiill the data transfer from the SCSI bus inverter UllO so that a high dgnal is applied to two by 
to the buffer memory is stopped so that a buffer overrun sixteen NOR gate U103. Consequentiy, a logic zero 
does not occur. 30 value is applied to all sixteen terminals of input terminal 

If the latched signal is used, microprocessor 210 must D0^(15:0). Thus, the setting of bits BCTRLOAD and 
intervene to clear the latched signal. However, if the BCTRVAL by microprocessor 210 (FIG. 2) in the read 
latched signal is not used, signal SREQSTOP remains initialization process loads block counter BLOCKCNT 
high until data are moved from the buffer memory to (FIG. 4B) with a zero value. 

disk so that block counter BLOCKCNT (FIG. 4B) is 35 To enable decrementing blod^ counter 
incremented and signal BCTREQO goes low and BLOCKCNT, microprocessor 210 (FIG. 2) sets bit 
thereby drops signal SREQSTOP. Also, a threshold B CTR HOSTEN in block counter control register 
enable bit may be set by microprocessor 210 and a BCTRCTL (Table 1). When bit BCTRHOSTEN is set, 
threshold value loaded in the threshold register so that block counter BLOCKCNT (FIG. 4B} is decremented 
comparator U206 (FIG. 4B), flip-flop U207 and U210, 40 every time a whole block is transferred between the 
and gates U208, U209 and U211 set the signal on line host and the buffer memory. 

BTHRLAT. The signal on line BTHRLAT is used to To enable mcrementing block counter BLOCKCNT 
instruct miax)processor to reconnect to the SCSI bus (FIG. 4B), microprocessor 210 (FIG. 2) sets a bit 
after a certam threshold amount of space is available in BCTRDISKEN in block counter control register 
the buffer memory. Signal BTHRLAT may also be 43 BCTRCTL CTable 1). When bit BCTRDISKEN is set, 
used to instruct the microprocessor to restart disk trans- block counter BLOCKCNT (FIG. 4B) is incremented 
fcrs to the buffer memory, every time a whole block is transferred between disk 

When block counter BLOCKCNT (FIG. 4B) and the buffer memory, 
reaches the maximuTn value or the maximnm value Microprocessor 210 also loads register BCMAX with 
minus one, comparators U221 and U220 (FIG. 4A), 50 the number of bytes per block minus one byte. The 
respectively generate a high output signal. A more value register BCMAX is provided by bus 
detailed schematic of diagram comparators U221 and BCMAX(1 1:0) to host byte counter HBCNT (HG. 3B 
U220 is given in FIG. 13. The high output signal from and 5A). 

comparator U200 b clocked through D-type flip-flop As explained above, in a read operation, when a block 
V219 to line BUFNRDY. Upon receipt of the hi^ 55 of data has been read from disk and written to buffer 
signal on line BUFNRDY, the disk sequencer in the memory 220 without an error or a block with an error 
disk control circuit terminates the data transfer between was automatically corrected in buffer memory 220, disk 
the buffer memory and the disk. control circuit 230 generates a pulse on line SEC- 

In this embodiment, in a read from the disk to the TOR_OK. The pulse on line SECTOR— OK (FIG. 
host, microprocessor 210 (FIG. 2) again initializes van- 60 3A) clocks D-type flip-flop UIOO, which has a logic one 
ous bits in register BCTRCTL (Table 1), Specifically, value on input terminal D. Two subsequent clock pulses 
bit DBCAREN is reset because disk byte counter 252 is on line CLK clock the resulting high output signal of 
not utilized. Similarly, disk byte counter clear bit flip-flop UIOO through D-type flip-flops UlOl and 
DBCCLR is not set Host byte counter clear bit U102. The resulting high output signal firom flip-flop 
HBCCLR is set. The high signal on line HBCCLR is 65 U102 is applied to an input terminal of NAND gate 
applied to terminal BCCLR of host byte counter U104 and to an mput terminal of NOR gate U103. 
HBCNT (FIG. 3B) to clear host byte counter 254, as The high input signal to NOR gate U103 drives the 
described above and incorporated herein by reference. output signal low. The low output signal is applied to 
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tenninal NR of flip-flops UlOO and UlOl so that these circuit DEC12 (FIG. SB) goes high which in turn 
flip-flops are reset Thus, flip-flops UlOO, UlOl, and drives the signal on line HBCEQl (FIG. 3B.) high. As 
U102 in conjunction with NOR gate U103 generate a described above, high signal HBCEQl is a first input 
one dock cycle synchroniied pulse SECTOROKP signal to NAND gate U116. However, since signal 
from asynchronous input pulse SECTOR-OK. 5 TARGWR is low, flip-flop U116 is held in the reset 

In addition to the high signal on line SECTOROKP mode and so can not be used to generate the high signal 
from flq>-flop UlOl to NAND gate U104, NAND gate on line BCTRDOWN. 

U104 receives a high signal from line BCTRDISKEN High signal HBCEQl is also applied to a first input 
and so the output signal NAND gate U104 goes low. terminal of NAND gate U126 (FIG. 3B). As explained 
This low signal is applied to mput terminal DO of multi- 10 above, the output signal of NAND gate U123, which 
plexer U106. Since the signal on line DBCAREN is drives inverter U125 goes low when signal BACK is 
low, the low signal on tenninal DO is inverted and high. Hence, the output signal from inverter U125 to a 
passed to NOR gate XJ127. The resulting low output second input tenninal of NAND gate U126 is high, 
signal from NOR gate U127 drives line BCTRUP-. The Thus, the output signal of NAND gate U126 goes low 
incrementing of block counter BLOCKCNT (FIG. 4B) 15 when the signal on line HBCEQl goes high and the 
when the signal on line BCTRUP — goes low was de- signal on line BACK is high. 

scribed above and that description is incorporated The low output signal of NAND gate U126 drives 
herein by reference. As each subsequent block is trans- the output signal of NAND gate U121 high so that the 
fcrred from disk to buffer memory 220, a pulse on line signal on line BCTRDOWN from NAND gate U121 
SECTOR— OK increments block counter 256 in the 20 goes from low to high which decrements block counter 
same manner. BLOCKCNT as described above, and incorporated 

As explained above, transfers between the disk and herein by reference, 
buffer memory 220 and the buffer memory and SCSI Thus, when host byte counter HBCNT reaches a 
bus 275 take place concurrently. Thus, buffer control value of zero, a block of data has been transferred from 
circuit 240, in response to signals frt)m microprocessor 25 buffer memory 220 and block counter BLOCKCNT 
210, may start to transfer data that has been loaded in was decremented to indicate that one block more of 
buffer memory 220 to the SCSI bus. As each byte is memory is available in buffer memory 250. Hence, in 
transferred from buffer memory 220 to the SCSI bus, a the read operation, signal SECTOIL-OK and host byte 
pulse is generated on line BACK (FIG. 3B). Also, as counter HBCNT (FIG. 3B) increment and decrement 
explained above, in a read operation from disk (FIG. 2) 30 respectively, block counter BLOCKCNT (FIG. 4B). 
to SCSI bus 275, integrated disk controller 200 is in the Consequently, microprocessor 210 is not required to 
Read Mode, which means that the signal on line maintain and monitor pointers for buffer memory 220 as 
TARGWR (FIG. 3B) is low and the signal on line in the prior art systems. 

TARGWR— is high. The read of data from disk continues until block 

Since the signal on line BCTRHOSTEN was initial- 35 counter BLOCKCNT reaches either a zero value or the 
izcd high, as explained above, all the input signals to maximum value. If block counter BLOCKCNT (FIG. 
NAND gate U123 (FIG. 3B) are high when the signal 4B) reaches a value of one, signal HNRMLAT and 
on line BACK goes from low to high and so the output signal HNOROOM go high as block counter 
signal of NAND gate U123 goes from high to low BLOCKCNT decrements to a zero value, as described 
which in turn drives the second input signal to NAND 40 above and incorporated herein by reference. However, 
gate U124 low. Input signal TARGWR to NAND gate signal SREQSTOP is not generated because the signal 
U122 is low so that the high output signal of NAND on line TARGWR is low. When either signal 
gate U122 drives the first input signal to NAND gate HNRMLAT or signal HNOROOM goes high, transfer 
U124 high. Consequently, the signal on line of data from buffer memory 220 to SCSI FIFO 271 is 
HBCCOUNT from NAND gate U124 to input terminal 43 stopped. Host interface circuit 270 stops data transfer to 
BCCOUNT of host byte counter HBCNT goes from the SCSI bus when SCCI FIFO 271 is empty. Thus, in 
low to high with each pulse on line BACK. this embodiment, signals HNOROOM and 

The high signal on terminal BCCOUNT causes host HNRMLAT prevent a buffer memory undcrrun. 
byte counter value HBC to rollover from a zero value When block counter BLOCKCNT reaches the maxh 
to the value of the number of bytes in a block minus one SO mum value or the maximum value minus one, compara- 
byte, as described above and incorporated herein by tor U221 or U220, respectively generate a high output 
reference. Thus, the first pulse to host byte counter signal. Note that signal DNOROOM is generated at the 
HBCNT on line BACK causes host byte counter value maTtmmp value minus one because in this embodiment, 
HBC to roll over from the initial zero value to a value the disk sequencer transferring the data to buffer mem- 
equal to the number of bytes in a block minus one byte. 55 ory may transfer one additional block after receiving no 
As each subsequ«it byte is loaded from buffer mem- room signal DNOROOM. This assures that a data over- 
ory 220 into SCSI FIFO 271, the pulse on line BACK run docs not occur. 

drives the signal on line HBCCOUNT high which in The high output signal from comparator U200 is 
torn drives terminal BCCOUNT of host byte counter clocked' through D-type flip-flop U219 to line 
HBCNT high. The high signal on terminal BCCOUNT 60 BUFNRDY. Upon receipt of the high signal on line 
b applied to terminal SO of twelve bit 4:1 multiplexer BUFNRDY, the disk sequencer in disk control circuit 
U104 (FIG. 5A) and so the decremented value on termi- 230 terminates the data transfer to the buffer memory, 
nal DM11:0) is loaded into twelve bit D-type flip-flop When block counter BLOCKCNT reaches either the 
U105 (FIG. SB). Thus, host byte counter value HBC is maximum value or the maximum value minus one, two 
decremented as each byte of data is transferred from the 63 actions are possible. If the signal on line ENDNR- 
buflFer memory to the SCSI FIFO, MLAT is high because microprocessor 210 in the mi- 

When host byte counter HBCNT (FIG. 3B) has a tialization process set enable disk no room latched bit, 
value of one, the signal on line BCEQl from decrement the disk sequencer processing from disk to the buffer 
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memory is tenninated when block counter BLOCKNT a host counter connected to at least one register in 

reaches the maximum value and microprocessor 210 said plurality of control registers, and having a 

must reset the disk no room latched bit to reinitiate host counter output lin^ 

transfers between disk and the buffer memory. wherein said host counter generates a signal on 

Alternatively, if the disk sequencer has an idle loop 5 said host counter output line upon said host 

and the disk no room latched bit is not set because signal counter counting transfer of a block of data 

ENDRMLAT is low, signal DNOROOM and signal over said host interface circuit intemal data 

BUFNRDY remain high until data are transferred be- bus; and 

tween buffer memory and the host so that block counter & block counter connected to at least one register in 

BLOCKCNT is decremented. When the block counter said plurality of registers, and coupled to said 

BLOCKCNT is no longer at the maximum value or the disk counter output line, to said host counter 

maximum value minus one, signals DNOROOM and output line, and to said sector-ok line, and said 

BFNRDY signals go low and so the disk sequencer may block counter having a mmimum value and a 

again transfer data between the disk and the buffer maximum value; 

memory. Abo, as described above, the threshold value wherein in a read operation, (i) a signal is gener- 

may be used to determine when disk transfers are reini- ^^^^ sector-ok line by said disk control 

tiated. circuit upon a block of data being transferred 

In the embodiment, described above, a disk byte buffer memory, and said block counter 

counter, a host byte counter, and a block counter were in a first direction in response to said 

used to automatically control data transfer to and from sector-ok line; and (u) in re- 

a buffer memory and to terminate data transfer to pre- ^P^^® ^ counter output 

vent buffer overruns and undemms. This embodiment Ij?^' '^'^}^' in a second 

is only illustrative of the prindples of tiiis invention and direction that is opposite to said first direction; 

is not intended to limit the invention to the specific . . / x . . , 

embodiment described. In particular, in view of this ^ operation, (i) m response to a agnal on 

disclosure, a single counter and the block counter could ^""^ «f^?«^ ?,^^^^ ^^^i. ^^^^ 

be used to hnplement the principles of this invention. "^^ VJ^T.T direction; aiid 

More generally, a block coiiiter, i means for increment- i^jl!^,.' f !?°f w ""^"^^ ^ "^"^^^ 

ingthe block comiter. and a means for decrementing the 3^ SSiStior ' 

block counter, according to the principles of this inven- ^ integrated cHsk drive controller of claim 1 

tion may be "nplemented m numerous ways Also, as ^^^.^ ^ ^^^^ ^ ^ 

will be appreciated by those skilled m the art, the mere- mable disk counter *-f f 

m^g and decrementing is an arbitrary selecticm of 3^ ^h^ integrated disk drive controUer of claim 2 
direction for the counters and is not mtended to limit 33 furiher compiSng- 

the invention to the particular direction described. The ^ maximum count legbter having an output bus con- 
important aspect IS that the available room and the data ^^j^d to a set of mput terminals of said program- 
m the buffer memory are momtored and buffer ovemins mable disk counter 

and undemim prevented ^wthout mcroprocessor inter- 4. jhe integrated disk drive controUer of claim 3 
vention. Sunilarly, although a SCSI bus and sigmd se- 40 therein upon initialization of said integrated disk con- 

quences associated wiA a SCSI bus were descnbed troUer, a number of bytes in a block minus one byte is 

above, the prmaples of this invention are also appUca- loaded in said maximum count register, 

ble to an ISA, an EISA, or a microchanncl bus. for 5. jhe integrated disk drive controUer of claim 3 

example. In view of this disclosure, those skiUed in the wherein said programmable disk counter further corn- 
art wiU be able to implement the automated buffer con- 45 pnses a multiplexer having a set of input tenninals con- 

trol room logic in a wide variety of appUcations. nected to said maximum count register output bus 

I claim: wherein said set of input terminals of said programma- 

1. An mtegrated disk drive controUer compriang: ble disk counter are said set of multiplexer ii^ut termi- 

a disk control circuit having an intemal data bus and q^Is. 

a sector-ok line; 50 5. The integrated disk drive controUer of claim 1 

a host mterface circuit having: wherein said host counter further comprises a program- 

a fiTst-in-first-out memory circuit herebafter re- mable host counter. 

ferred to as said FIFO; 7. The integrated disk drive controUer of claim 6 
an intemal data bus coupled to said FIFO; further comprising: 
a buffer control circuit connected to said disk con- 55 a maximum count register having an output bus con- 
troUer intemal data bus, to said sector-ok line, and nected to a set of input terminals of said program- 
to said host interface circuit intemal data bus mable host counter. 

wherein said buffer control circuit further com- g. The integrated disk drive controUer of claim 7 

prises a buffer room logic circuit comprising: wherein upon initialization of said integrated disk con- 
a plurality of control registers; 60 troUer, a number of bytes in a block minus one byte is 

a disk counter connected to at least one register in loaded in said maMmiiTn count register, 

said plurality of control registers, and having a 9. The integrated disk drive controller of claim 7 

disk counter output line; wherein said programmable host counter further com- 

wherem said disk counter generates a ^gnal on prises a multiplexer having a set of input temcunak con- 
said disk counter output line upon said disk 63 nected to said tnaYtmnnfi count register output bus 

counter counting transfer of a block of data wherein said set of input tenmnals of said programma- 

from a buffer memory to said disk control ble host counter are said set of multiplexer input tenni- 

circuit; nab. 
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10. The integrated disk drive controller of claim 1 
wherein said block counter further comprises a pro- 
grammable block counter. 

11. The integrated disk drive controller of claim 10 
further comprising: ^ 

a maximum block count register having an output bus 
connected to a set of input terminals of said pro- 
grammable block counter. 

12. The integrated disk drive controller of chum 11 lo 
wherdn upon initialiacation of said programmable block 
comiter a number of blocks in said memory minus one 
block is loaded in said maximum block count register. 

13. The integrated disk drive controller of claim 12 
wherein said programmable block counter further com- 
prises a multiplexer having a set of input teiminals con- 
nected to said maximum block count register output bus 
wherein said set of input teiminals of said programma- 
ble block counter are said set of multiplexer input termi- 20 
nals. 

14. The integrated disk drive controller of claim 13 
wherein said multiplexer further comprises a second set 
of input terminals connected to a reference voltage. 
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15. The integrated drive disk controller of claim 1 
wherein in said write operation, said maximum value is 
selected to prevent a buffer memory undcrrun and said 
minimum value is selected to prevent a buffer memory 
overrun, and further wherein upon said block counter 
reaching said maximum value, a first output signal is 
generated to stop data transfer from said buffer mem- 
ory, and upon said block counter reaching said mini- 
mum value, a second output signal is generated to stop 
data transfer to said buffer memory. 

16. The integrated drive disk controller of claim 1 
wherein in said read operation, said minimum value is 
selected to prevent a buffer memory underrun and said 
maximum value is selected to prevent a buffer memory 
overrun, and further wherein upon said block counter 
reaching said maximum value, a first output signal is 
generated to stop data transfer to said buffer memory, 
and upon said block counter reaching said minimum 
value, a second output signal is generated to stop data 
transfer from said buffer memory. 

17. The integrated drive disk controller of claim 1 

wherein said first direction in which said block counter 

counts is towards said maximum value. 

« « * » ♦ 
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